Abstract
The genus Sphingomonas was first proposed by Yabuuchi et al. [1] and the genus description was subsequently emended by Takeuchi et al. [2] , Yabuuchi et al. [3] , Busse et al. [4] and Chen et al. [5] . Members of the genus Sphingomonas are aerobic, rod-shaped, Gram-stain-negative, from yellow to orange or red pigmented colonies and display the presence of 2-hydroxy fatty acids (C14 : 0 2-OH). The species of the genus also contain ubiquinone Q-10, sphingoglycolipid and homospermidine as the major respiratory quinone, polar lipid and polyamine, respectively.
A bacterial strain, designated 200 T , was isolated from a soil sample collected from Antarctic tundra soil around Zhongshan Station (69 22.685¢ S, 76 22.139¢ E). The soil sample was diluted serially with sterile deionized water which was autoclaved, and these dilutions were plated onto R2A (BD) agar plates. Single colonies on these plates were purified by transferring them onto new plates and subjecting them to additional incubation for 7 days at 20 C. The isolate was routinely cultivated on R2A agar at 20 C and stored by lyophilization.
For 16S rRNA gene sequencing and phylogenetic analysis, genomic DNA was extracted from a fresh culture of strain 200
T following the methods of Sambrook et al. [6] . Universal bacterial primer pairs 27F (5¢-GAGTTTGATCC TGGCTCAG-3¢) and 1540R (5¢-AGAAAGGAGGTGA TCCAGCC-3¢) were used for amplification of the 16S rRNA gene [7] . PCR and 16S rRNA gene sequencing were carried out according to the procedure described by Lin et al. [8] . Sequence similarity was investigated using NCBI BLAST and pairwise alignment was calculated using the EzTaxon database [9] . Phylogenetic analysis was performed by using the software package MEGA version 6.0 [9] after multiple alignment of the data via CLUSTAL_X [10] . Phylogenetic trees were reconstructed by using the neighbourjoining, maximum-likelihood and minimum-evolution methods. Evolutionary distances for the neighbour-joining algorithm were calculated with Kimura's two-parameter method [11] and the topology of the neighbour-joining tree was evaluated by bootstrap analysis on the basis of 1000 replications [12] . Close neighbour interchange (search level=2, random additions=100) was applied in the maximum-likelihood analysis. The root position was estimated by using sequence of Rhodospirilum rubrum ATCC 11170 T (D30778) as an outgroup.
The 16S rRNA gene sequence of strain 200
T was a continuous stretch of 1413 bp and was deposited in the GenBank database. Comparative 16S rRNA gene sequence analysis showed that the closest relatives of strain 200
T were Sphingomonas kyeonggiense and Sphingomonas molluscorum. The phylogenetic trees based on the neighbour-joining, maximum-likelihood and minimum-evolution method in MEGA 6 software is shown in Fig. S1 (available in the online Supplementary Material). Based on comparative 16S rRNA gene sequence analysis and the phylogenetic relationship, strain 200
T was considered as a novel species within the genus Spingomonas. Therefore, we selected S. kyeonggiense THG-DT81
T [13] and S. molluscorum CP173-2 T [14] as reference strains. Prior to testing, all strains were incubated aerobically for 5 or 7 days on R2A agar (BD), at 20 C for their growth.
Growth was evaluated at 20 C on several standard bacteriological media: R2A agar (BD), 0.5ÂR2A agar (BD), trypticase soy (TS; BD) agar, modified Chalmers agar (MC; BD) and marine agar 2216 (MA; BD). Cell morphology was examined by phase-contrast (Olympus BX51) and transmission electron (Hitachi 8100) microscopy using cells grown on R2A at 20 C for 7 days. Gliding motility was tested according to the procedure described by Bowman [15] . Growth at different temperatures (4, 10, 15, 20, 28, 30, 37 and 42 C) was investigated on R2A agar for up to 2 weeks. The pH range for growth was determined on R2A agar at pH 4.0-10.0 (in increments of 0.5 pH unit) using different buffer systems (0.1 M citric acid/0.1 M sodium citrate for pH 4.0-5.5; 0.1M KH 2 PO 4 /0.1 M NaOH for pH 6.0-8.0; 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 for pH 8.5-10.0) for 2 weeks.
Salt tolerance was tested on R2A agar supplemented with 0-5.0 % (w/v) NaCl (at 0.5 % intervals) after 2 weeks of incubation at 20 C. Growth under anaerobic conditions was tested on R2A agar supplemented with 0.1 % KNO 3 in a GasPak (BBL) jar at 20 C for 30 days. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine. Catalase activity was determined by measurements of bubble production after the application of 3 % (v/v) hydrogen peroxide solution. Hydrolysis of starch, chitin and Tweens 20, 40 and 80 [all 1.0 % (w/v)] was performed as described by Cowan et al. [16] using R2A agar as the basal medium after 7 days of incubation at 20 C. DNase activity was determined on R2A agar supplemented with 0.2 % w/v DNA from salmon and 0.01 % toluidine blue. Pigment analysis was performed as described by Moore et al. [17] : the pigments were extracted in 200 µl of an acetone: methanol mixture (7 : 2, v/v) for a few minutes. After centrifugation, the supernatant was transferred into a quartz cuvette followed by recording of absorption spectra between 200 and 1000 nm in a UV/Vis spectrophotometer (Power Wave XS, BioTek). Additional physiological and biochemical characteristics were determined by using the API 20NE, API 50CH and API ZYM kits according to the modified manufacturers' instructions, in which cells were suspended in sterilized distilled water instead of 0.85 % NaCl for inoculation. The oxidation ability of the novel strain was tested using a GN2 MicroPlate (Biolog) according to the manufacturer's instructions.
To measure the G+C content of the chromosomal DNA, genomic DNA from the novel strain was extracted and purified as described by Moore et al. [17] and degraded enzymically into nucleosides. The G+C content was then determined as described by Mesbah et al. [18] using reversed-phase high-performance liquid chromatography (HPLC; UltiMate 3000, Dionex). Cell biomass for the analysis of respiratory quinones was obtained from cultivations on R2A agar at 20 C for a week. Respiratory quinones were extracted from lyophilized cells as described by Collins et al. [19] and were identified by HPLC as described by Xie and Yokota [20] . For cellular fatty acid (CFA) analysis, strain 200
T and the reference strains were grown on R2A agar at 20 C for 1 week. The methods used for harvesting, saponificatin, methylation and extraction of CFAs were as described in the protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. Separation and identification of fatty acid methyl esters were performed by using a Hewlett Packard 6890N gas chromatograph, with MIDI Sherlock TSBA 6 [21] . Cell biomass for the analysis of polar lipids and polyamines was obtained from cultivations on R2A agar at 20 C for 1 week. The polar lipids were extracted and identified using two-dimensional thin-layer chromatography as described by Tindall [22] . Sphingoglycolipid was extracted and detected by using the method described by Kato et al. [23] . Polyamines were extracted and analysed as described by Busse and Auling [24] , and Busse et al. [25] .
Strain 200
T grew well at 20 C on R2A agar, 0.5ÂR2A agar, NA agar, but not on TS agar, MC agar or MA. Cells were aerobic, Gram-reaction-negative, rod-shaped, 0.30-0.40 µm in diameter and 0.60-1.00 µm in length. No flagella were found (Fig. S2 ) and the cells were not motile. Colonies on R2A agar were circular, convex, smooth, shiny, yellow in colour and 1.0-2.0 mm in diameter after 7 days at 20 C. The strain grew at 4-30 C (optimum, 20 C), at pH 5.5-8.0 (optimum, pH 7.0) and at 0-0.5 % (w/v) NaCl (optimum, 0 %).
T was oxidase-negative, but catalase-positive. The spectra of pigments extracted from strain 200 T showed two peaks at 456-457 and 484-485 nm, which is in agreement with the reference strains (Fig. S3) , indicating the presence of carotenoids in the cells of strain 200
T [26] .
The respiratory quinone of strain 200 T was ubiquinone-10 (Q-10), which is the most frequently identified respiratory quinone in bacteria belonging to the genus Sphingomonas. The major cellular fatty acids of strain 200 T were C 16 : 0 (31.6 %), summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c, 22.7 %), summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c, 11.2 %), C 18 : 0 (7.8 %) and C 14 : 0 2OH (6.7 %). C 16 : 0 and C 14 : 0 2OH are common major fatty acids in the genus Sphingomonas [27] . As shown in Table 1 and Fig. S4 , the major polar lipids of the novel strain were two sphingoglycolipids (SGL1-2), phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylcholine (PC) and three unknown polar lipids (L1-3) . SGL, PE, PG, PC and DPG are common polar lipids found in closely related species ( Table 1 ). The cells of strain 200
T contained sym-homospermidineas as the polyamine, which is in agreement with those of other members of the genus Sphingomonas [13, 14] . The DNA G+C content of strain 200 T was 60.9 mol%, which is within the range of values (60.7-69.9 mol%) previously reported of the genus Sphingomonas [28] .
On the basis of phylogenetic analysis (Fig. S1 ), physiological and biochemical characteristics (Table 1) , fatty acid profiles (Table 2) , polar lipids (Fig. S4) and patterns of polyamines, we suggest that strain 200
T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas antarctica sp. nov. is proposed.
DESCRIPTION OF SPHINGOMONAS ANTARCTICA SP. NOV.
Sphingomonas antarctica (ant.arc¢ti.ca. L. fem. adj. antarctica southern, pertaining to Antarctica, where the type strain was isolated).
Cells are Gram-stain-negative, aerobic, non-motile, nonspore-forming and rod-shaped. Colonies on R2A agar are circular, convex, smooth, shiny, yellow in colour and 1.0-2.0 mm in diameter within 7 days at 20 C. Cells grow well on R2A agar and 0.5ÂR2A agar. Growth occurs at 4-30 C (optimum 20 C), at pH 5.5-8.0 (optimum 7.0) and 0-0.5 % NaCl (optimum 0). Positive for catalase and hydrolysis of Tween 20 and 40, but negative for oxidase, hydrolysis test of chitin, DNA, starch and Tween 80. Positive for esterase (C4), valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, and weakly positive for 
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